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(54) FORCE SENSOR 

(57)Abstract: 

PURPOSE: To perform drive in a stable resonant mode by 
constituting a specific relation between the entire length of a 
resonator, an excitation piezoelectric element and the length of a 
receiving piezoelectric element 

CONSTITUTION: A dynamic amount sensor comprises an inertia 
body 100, a support beam 101, vibrator 102, and piezoelectric 
elements are provided on the both ends of the vibrator 102, which is 
constituted of exciting part 103. a propagation part 104 and a 
receiving part 105. And when acceleration is applied, the inertia body 
100 moves up and down, a supporting beam 101 bends and the 
vibrator 1 02 expands and contracts. Therefore, when a force is 
applied, a resonant frequency of the vibrator 102 is changed, and the 
acceleration can be measured by detecting the frequency change. In 
addition, the vibrator resonates in various vibration mode. Likelihood 
of occurrence of the vibration mode is closely related with the 
length (a) of the exciting part 103, the length (b) of the receiving 
part 105 and the entire length I of the vibrator 102, and the force r- 
sensor can be driven in a stable resonant mode by setting them 0.2< '^F- 
a/l<0.5. 0.2<b/l<0.5. 
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* NOTICES * 

JPO and NGIP! are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The supporting beam which supports a movable inertial field and an inertial field according to an operation 
of the amount of dynamics, The oscillating object which was established on said supporting beam and fixed to said 
supporting beam in both ends, The piezoelectric device for excitation which is joined near the end section of said 
oscillating object, and excites said oscillating object. The piezoelectric device for reception which is joined near the 
other end of said oscillating object, and receives vibration of said oscillating object is provided. The overall length I of 
said oscillating object between die-length [ of said piezoelectric device for excitation ] a, and die-length b of said 
piezoelectric device for reception — 0.2 <= a/I < — 0.5 or 0.2 <= b/l < — Force sensor characterized by there being 
relation of 0.5. 

[Claim 2] The force sensor with which the supporting beam which supports a movable inertial field and an inertial 
field according to an operation of the amount of dynamics, and the oscillating object which was established on said 
supporting beam and fixed to said supporting beam in both ends are provided, and primary resonance frequency of 
said oscillating object is characterized by being 10 or more times of the primary resonance frequency of said inertial 
field and said supporting beam. 

[Claim 3] The supporting beam which supports a movable inertial field and an inertial field according to an operation 
of the amount of dynamics, The oscillating object which was established on said supporting beam and fixed to said 
supporting beam in both ends, The piezoelectric device joined on said oscillating object and the electrode of a pair 
divided in the direction which crosses with the longitudinal direction of said oscillating object on the front face of 
said piezoelectric device are provided. Another side is the electrode for excitation with which one side of the 
electrode of said pair excites an oscillating object, and a force sensor characterized by being the electrode for 
reception which receives vibration of an oscillating object. 

[Claim 4] For one side, the electrode of the pair divided and prepared on the piezoelectric device is the force sensor 
according to claim 3 with which it is the configuration where it is large in the center section of the oscillating object, 
and narrow near the fixed end, and is characterized by another side being the configuration narrow in the center 
section of the oscillating object where it is large near the fixed end. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the sensor which detects the amounts of dynamics, such as 

acceleration impressed to a body, a load, and a pressure. 

[0002] 

[Description of the Prior Art] In recent years, development of the air bag system which keeps the insurance in an 
automobile accident, the navigation system which performs road guidance is prosperous, and the acceleration sensor 
and a sensor like an oscillating gyroscope are developed in connection with it. 

[0003] Conventionally, as a force sensing element, the structure of drawing 9 or drawing 10 is known as shown, for 
example in JP.53-1330.B. In drawing 9 , make a fixed opening intervene and the piezo-electric diaphragms 2 and 3 of 
two sheets with which the electrode 1 is attached, respectively are arranged. It is the thing which comes to join this 
other end together with the spacing plate 5 in rigidity while fixing one edge each of these piezo-electricity 
diaphragms 2 and 3 to a substrate 4. When Force F is applied to the free end of the piezo-electric diaphragms 2 and 
3, the change of each resonant frequency of these piezo-electricity diaphragms 2 and 3 based on the variation rate 
which the piezo-electric diaphragms 2 and 3 receive at this time is measured, and said force F is measured based on 
this result. Moreover, when it comes to fix the piezo-electric diaphragms 10 and 1 1 of two sheets with which a step 
7 and a slot 8 are formed in the vertical side of a cantilever 6, a bridge is constructed in a slot 8, and the electrode 
9 is attached and Force F is impressed to the free end of a cantilever 6, drawing 10 detects the difference of 
change of each resonant frequency of the piezo-electric diaphragms 10 and 11, and measures Force F. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the proper oscillation in the various modes arises in the piezo- 
electric diaphragms 2, 3, 10, and 11 of the above-mentioned conventional configuration. That is, it was difficult for 
the normal mode of vibration of the oscillation mode of a lengthwise direction and a longitudinal direction and its high 
order resonance, and the whole beam, twisting vibration, etc. to exist, and to take out only the normal mode of 
vibration to use them, carrying out distinction separation clearly [ else ], to be stabilized, and to maintain the 
resonance state. 

[0005] It aims at offering the amount sensor of dynamics to which this invention solves the technical problem of the 
above-mentioned conventional technique, and the normal mode of vibration of the oscillating object from which a 
resonant frequency changes can dissociate completely with other unnecessary resonance modes, and can always 
maintain the fixed resonance state at stability by impression of the force. 
[0006] 

[Means for Solving the Problem] This invention according to an operation of the amount of dynamics to the 1st in 
order to attain this purpose A movable inertia! field, The supporting beam which supports an inertial field, and the 
oscillating object which was established on said supporting beam and fixed to said supporting beam in both ends, The 
piezoelectric device for excitation which is joined near the end section of said oscillating object and excites said 
oscillating object. The piezoelectric device for reception which is joined near the other end of said oscillating object, 
and receives vibration of said oscillating object is provided. The overall length I of said oscillating object between 
die-length [ of said piezoelectric device for excitation ] a, and die-length b of said piezoelectric device for reception 
— 0.2 <= a/I < — 0.5 or 0.2 <= b/l < — It is characterized by there being relation of 0.5. Moreover, the oscillating 
object which was established on the supporting beam which supports a movable inertial field and an inertial field 
according to an operation of the amount of dynamics, and said supporting beam, and was fixed to the 2nd by said 
supporting beam in both ends is provided, and primary resonance frequency of said oscillating object is characterized 
by being 10 or more times of the primary resonance frequency of said inertial field and said supporting beam. The 
supporting beam which furthermore supports a movable inertial field and an inertial field according to an operation of 
the amount of dynamics to the 3rd, The oscillating object which was established on said supporting beam and fixed 
to said supporting beam in both ends. The piezoelectric device joined on said oscillating object and the electrode of 
a pair divided in the direction which crosses with the longitudinal direction of said oscillating object on the front face 
of said piezoelectric device are provided. The electrode for excitation with which one side of the electrode of said 
pair excites an oscillating object, and another side are characterized by being the electrode for reception which 
receives vibration of an oscillating object. 
[0007] 

[Function] this invention falls or disappears [ 1st ] the peak of resonance of the higher mode by the above- 
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mentioned configuration — making — an oscillating object — low — the resonance frequency in degree the mode 
shows a peak clearly, and the drive of it by the stable resonance mode is attained. Moreover, without the primary 
resonance frequency of an oscillating object considering as 10 or more times of the primary resonance frequency of 
an inertial field and a supporting beam, and receiving the effect of the resonance frequency of the whole beam in the 
2nd, it can be stabilized and an oscillating object can be resonated. Since the 3rd can be made to produce only the 
primary resonance frequency of an oscillating object furthermore, the stable drive in primary resonance in the same 
mode is always possible, and a sensor with little malfunction can be realized. 



(Example 1) The 1st example of this invention is explained hereafter, referring to a drawing. 
[0009] Drawing 1 (a) and drawing 1 (b) are the sectional views and top views of the amount sensor of dynamics in 
one example of this invention. In drawing 1 (a), as for an inertial field and 101, 100 is [ a supporting beam and 102 ] 
oscillating objects, and said oscillating object 102 consists of the excitation section 103, the propagation section 
104, and a receive section 105. 

[0010] If acceleration is impressed, an inertial field 100 expands in drawing 1 and contracts the oscillating object 102, 
while taking up and down and a supporting beam 101 bend. Therefore, when the force acts, the resonance frequency 
of an oscillating object will change and acceleration can be measured by detecting this frequency change. For 
example, supposing vibration of an oscillating object can assume that it is vibration of yarn, resonance frequency f is 
expressed with (several 1). 



[001 2] However, in I, the tension of yarn and rho show the mass per unit length of yam, and, as for the die length of 
yam, and S, n shows the degree of vibration. When according to (several 1) resonance frequency f changes in 
proportion to the square root of the tension of yam and the force acts, if it is the structure where the tension of an 
oscillating object changes, it turns out that the amounts of dynamics, such as acceleration, a pressure, and force, 
can be measured. 

[001 3] Drawing 2 is an example of a property in the configuration of drawing 1 . An axis of ordinate is the resonance 
frequency f of an oscillating object and an axis of abscissa shows the impressed acceleration. According to this, 
although the resonance frequency at the time of acceleration 0 is 22kHz, when the acceleration of 120G is 
impressed, it goes up to 27kHz. 1 — if there is change of about 40Hz per G and it says with rate of change — 
0.2%/G — and it could measure to very big acceleration so that it might see in drawing, and the large acceleration 
sensor of a dynamic range has been realized. In addition, with the structure of drawing 1 , although sensibility 
changes with ratios of the mass of an inertial field, and the mass of the supporting beam section, in the case of the 
data of drawing 2 , an inertial field is the thing of the structure of being 7 times much as the supporting beam 
section, and the deflection of a comparatively minute supporting beam serves as big tension to an oscillating object, 
acts, and is considered that it was able to output big sensibility. 

[0014] One of the structural descriptions of this example is the structure of an oscillating object, and it is a point 
constituted by the excitation section, the propagation section, and the receive section. Generally, when resonating a 
piezo-electric ceramic, in the case of the thickness vibration of the piezo-electric ceramic itself etc., there is a 
method of detecting impedance change of the piezo-electric ceramic itself, and getting to know the resonance point 
However, like this invention, when an oscillating object is a zygote of a piezo-electric ceramic and other structural 
members, it does not restrict that there is a not necessarily big impedance change in the resonance frequency of a 
zygote, and the resonance point cannot be detected with sufficient sensibility in many cases. Since vibration of the 
oscillating object which is said zygote is detected by this invention in the direct receive section as compared with it 
it becomes possible to detect correctly all vibration that an oscillating object has, and a dimensional degree of 
freedom will become very big in the design of suitable oscillating object structure. 

[0015] Drawing 3 is for explaining the vibrational state of the oscillating object 102 of drawing 1 . Drawing 3 (a) and 
(b) are the top views and sectional views which carried out expansion illustration of the part of the oscillating object 
102. The piezoelectric device is prepared in both ends, the excitation section 103 is constituted by the left end and, 
as for the oscillating object 102, the receive section 105 is constituted by the right end. Generally, such an 
oscillating object resonates by the various oscillation modes as shown in drawing 3 (c) - (h), and it is respectively 
called primary - the 6th resonance mode. With the Young's modulus of the quality of the material which constitutes 
the thickness of an oscillating object die length, and an oscillating object etc., the oscillation frequency which such 
resonance modes produce is determined uniquely, and it does not depend for it on the width of face h of an 
oscillating object 

[0016] By the stretching vibration of the piezoelectric device of the excitation section 103, when a lifting and the 
frequency of excitation are in agreement with the frequency of resonance mode to produce in vibration, vibration by 
resonance mode will produce the oscillating object with which the above ease of occurring of resonance mode has 
the close relation to die-length a of the excitation section 103. Here, in order to consider die-length a of the 
excitation section, and the relation of the oscillation mode which is easy to produce, the knot in the 4th resonance 
mode of drawing 3 (f) and the die length of an intemode are set to x as an example. Since the excitation section 



[0008] 
[Example] 



[0011] 
[Equation 1] 
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deforms by telescopic motion of a piezoelectric device, the natural deformation condition of the excitation section is 
considered to be the arc shape which uses the both ends of the excitation section 103 as a knot. Therefore, if it is 
thought that it is easy to produce resonance mode which will be in a and the condition that x is almost equal, for 
example, x becomes one half extent of a, it will become very difficult for both the extended part and the shrunken 
part to produce the piezoelectric device of the excitation section, and to produce such the oscillation mode by 
forced oscillation. 

[0017] Although sufficient output signal is acquired in order that similarly it can say the same thing also about die- 
length b of a receive section 105, and die-length y in drawing 3 (f), and the piezoelectric device of a receive section 
104 may receive distortion of the same direction on the whole surface, when it is b**y If y becomes small as 
compared with b, the part which a reverse distortion produces in the piezoelectric device of a receive section 1 04 
will come be made, in a certain part, by the part of others [ positive charge ], it will be in the condition that negative 
charge arises, and an output signal will decline again. 

[0018] Drawing 4 is an experimental result which shows the frequency characteristics of the output signal outputted 
from the receive section 105 when changing the dimension of the excitation section 103 and a receive section 105. 
The axis of abscissa shows the frequency of the input signal of the sinusoidal form impressed to the piezoelectric 
device of the excitation section 103, and the axis of ordinate shows the output voltage from the piezoelectric device 
of the receive section at that time. For example, if several V signal level is impressed to the excitation section 103, 
the output voltage of several mV to hundreds of mV will be obtained from a receive section, but since the value 
becomes large rapidly with resonance frequency, if a frequency is taken along an axis of abscissa like drawing 4 , the 
curve which has a peak with resonance frequency will be obtained. Here, the oscillating object 1 02 pasted up the 
piezoelectric device (Sumitomo Metal nature H5D) on 4-2 alloy, was produced, and set thickness of 4-2 alloy and a 
piezoelectric device to 80 micrometers. In drawing 3 , it was referred to as h= 2mm and l= 10mm, and the dimensions 
a and b of the excitation section 103 and a receive section 105 changed a and b as an equal value. 
[0019] Drawing 4 and (a) have a and comparatively targe b, although the frequency characteristics at the time of 
being a/l=0.45 are shown, the peak in the primary resonance mode [ secondary / 3rd ] is seen, and the peak of the 
4th resonance [ 5th ] beyond it is not seen. Such high order resonance modes appear as a and b become small, for 
example, they are produced to the 6th resonance mode in a/l=0.2 like drawing 4 (b). Furthermore, although drawing 4 
(c) was the case where a/l=0,1 5, a, and b were made still smaller, when a and b were too small not much, it turned 
out that the primary resonance mode [ secondary / 3rd ] of a low degree disappears, and only high order resonance 
mode appears. 

[0020] Generally, it is said that the resonance mode of a low degree is more stable than high order resonance mode. 
In the case of an oscillating object of a configuration like drawing 3 . this has the crosswise (h) resonance and the 
resonance mode of twisting vibration other than the oscillation mode shown by drawing 3 (c) - (h). These When it is 
easy to appear near [ frequency ] high order resonance mode and says with frequency characteristics, the peak in 
other modes arises near the peak of high order resonance mode, and it is a reason on a circuit that the approach of 
making it always drive on the frequency of the peak point of high order resonance mode becomes difficult. 
Therefore, it is good to use the resonance mode of a low degree also in the configuration of this invention, and it is 
safe to choose any of the primary resonance modes [ secondary / 3rd ] they are. Among these, since this 3rd 
resonance mode is equivalent to the primary resonance mode of the propagation section 104 when only the 
propagation section 104 of the oscillating object 102 is observed, the 3rd resonance mode can be considered to be 
one of the stable basic modes. In using which [ primary / secondary / 3rd ] resonance mode, it turns out from the 
result of drawing 4 that the structure of filling 0.2 <=a/l<0.5 or 0.2 <=b/l<0.5 is good 

[0021] Next, in order to compare with this example, the force sensor of other structures is explained. Drawing 5 (a) 
shows other structures of an oscillating object. The piezoelectric device is joined all over the oscillating object, and 
the electrode on a piezoelectric device 51 is divided into the excitation electrode 52 and the received electrode 53, 
and the excitation electrode 52 is used for excitation and, as for the difference with drawing 3 , it uses the received 
electrode 53 for reception. That is, the propagation section 54 of an oscillating object consists of a piezoelectric 
device 51 and a monotonous zygote, and it is structure without the difference of the excitation section 55, a receive 
section 56, and thickness. In this structure, when the frequency characteristics of an output signal were measured, it 
turned out that it becomes like drawing 5 (b), and peak value is low as compared with drawing 3 , many small peaks 
appear, and it is hard to produce the resonance mode which can be regarded as a clear basic mode. This example 
this is indicated to be by drawing 3 is assumed to become easy to produce the knot of vibration near the boundary 
of the excitation section 103, the propagation section 104 or a receive section 105, and the propagation section 104, 
for example, for peaks, such as the 3rd resonance, to appear greatly when the thickness of the excitation section 
103 and a receive section 105, and the propagation section 104 differs. 

[0022] In addition, an excitation electrode and a received electrode are replaced, a receive section can get 103 and 

the effectiveness same naturally also as the excitation section is acquired in 105. 

[0023] (Example 2) The 2nd example of this invention is explained hereafter, referring to a drawing. 

[0024] Drawing 1 (a) and drawing 1 (b) are the sectional views and top views of the amount sensor of dynamics in 

one example of this invention. Since it is the same as that of an example 1, explanation of drawing 1 is omitted. 

[0025] In drawing 1 , although the oscillating object 102 is installed in the supporting beam 101 which bends with 

migration of an inertial field 1 00, resonance mode exists also about the whole beam which consists of an inertial field 

100 and a supporting beam 101, Although you may think that this resonance mode is the same as that of outline 

cantilever vibration, an inertial field often moves by the small force, and although, as for the sensibility as a sensor, 

the one where the deflection of a supporting beam 101 is larger becomes high, the resonance frequency of the whole 
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beam falls so much. The resonance frequency of this whole beam is connected with the frequency range of the force 
impressed to measure. That is, in the case of the acceleration sensor for automobiles, it is necessary to measure 
correctly the acceleration of the range of 0-500Hz but, and for example, if the resonance frequency of the whole 
beam exists in this range, it will become difficult to measure the acceleration near [ this ] the resonance frequency 
correctly. Therefore, although detection sensitivity becomes high so that it is low, more than a frequency range, for 
example, designed, to measure is desirable [ the resonance frequency of the whole beam ] 500Hz or more so that it 
may be ideally set to 1 kHz. 

[0026] Moreover, mutually-independent [ of the resonance frequency of the whole beam and the resonance 
frequency of the oscillating object 102 ] is carried out, and they must not influence mutually. In order to explain this, 
the experimental result of drawing 6 is shown. The axis of ordinate shows the output signal electrical potential 
difference from a receive section 105 for the frequency of the signal with which an axis of abscissa is impressed to 
the piezoelectric device of the excitation section 103 of the oscillating object 102. The data of drawing 6 are a thing 
at the time of 1= 5mm, a=b=1.5mm, and h= 1mm in drawing 1 in t1=0.4mm, t2=0.8mm, L1=L2=H=5mm, and drawing 3 . 
In the curve of drawing 6 , fcO, fcl, and fc2 are the peaks of the resonance frequency of the whole beam, and they 
are respectively equivalent to the primary resonance frequency [ secondary / 3rd ]. Moreover, fsO, fs1, and fs2 are 
the resonance frequency of the oscillating object 102, and they are equivalent to the primary resonance mode 
[ secondary / 3rd ] shown in (c) of drawing 3 , (d), and (e). In drawing 6 , fcO, fcl, and fc2 are in fsO and the distant 
enough location. That is, the resonance frequency of the whole beam is in the location left with the resonance 
frequency of the oscillating object 102, and since it does not influence each other, it can be said that it is the 
structure where a very good result is obtained. However, fcO When fsO is a comparatively near frequency, the case 
where high order resonance frequency (for example, fc4 grade) laps with fsO arises on the whole beam, and it 
becomes impossible to detect the resonance frequency of the oscillating object 102 correctly. Considering that high 
order resonance mode is contained in resonance of the whole beam, the resonance frequency of the oscillating 
object 102 to be used and the primary resonance frequency of the whole beam can realize a sensor that it is safe 
that it is separated from single or more figures, and good. 

[0027] In addition, an excitation electrode and a received electrode are replaced, a receive section can get 103 and 
the effectiveness same naturally also as the excitation section is acquired in 105. 
[0028] (Example 3) The 3rd example of this invention is explained hereafter, referring to a drawing. 
[0029] Drawing 7 and drawing 8 show the structure of the oscillating object of the 3rd example. Although the 
structure of the oscillating object shown in drawing 3 was structure which high order resonance of the 3rd 
resonance etc. tends [ comparatively ] to produce, if it may be able to do, structure which only simple primary 
resonance frequency produces is desired. Drawing 7 and drawing 8 show the oscillating object structure of filling 
such a demand. In drawing 7 , an inertial field 100 and a supporting beam 101 are constituted like drawing 1 , the 
plate 106 on a strip of paper is installed in the top face of a supporting beam 101 in the state of both-ends 
immobilization, and the piezoelectric device 107 is joined by the upper part. When a plate 106 is an insulator, an 
electrode is prepared between a piezoelectric device 107 and a plate 106, and when a plate 106 is a conductor, fixed 
potential can be impressed to the inferior surface of tongue of a piezoelectric device by using a plate 1 06 as an 
electrode. On the other hand, the excitation electrode 108 and the received electrode 109 with which the top face 
of a piezoelectric device was divided into right and left to the line which connects the both ends of a plate 106 are 
prepared. 

[0030] Drawing 8 carries out expansion illustration of the part for the oscillating soma of drawing 7 . When the 
excitation electrode 108 is continuing and excitation voltage is impressed to an excitation electrode from the fixed 
end of an oscillating object to the fixed end with such structure, it is the easiest to produce the primary resonance 
mode shown in drawing 8 (C) by expansion and contraction of the whole oscillating object and stops producing the 
resonance mode of the gestalt shrunken by elongation and a certain part by forced oscillation in a part with an 
oscillating object like the secondary resonance [ 3rd ]. That is, about the sensor of drawing 7 , if the same data as 
drawing 6 are taken, only resonance frequency fsO will show a peak clearly, and the peak of fsl and fs2 will be 
extinguished. 

[0031] Drawing 8 (c) shows the primary resonance mode of a both-ends fixed beam. According to this, since both 
ends are being fixed, it turns out that the direction where a center section bends, and the direction where the part 
near an edge bends are hard flow. Therefore, since the charge generated in the center section and the charge 
generated at the end are opposite signs when vibration of primary resonance mode is used, and the received 
electrode 1 09 has the same area in every part of a beam, they offset each other, there are and the fault that output 
voltage declines as a result arises. So, by this invention, as shown in drawing 8 (a), it is large in the center section, 
and it narrows at the end, the received electrode 109 is large at the edge, and the excitation electrode 108 consists 
of the reverse narrowly in the center section. Thus, by constituting, the opposite sign component of the charge 
generated in a received electrode decreases, receiving sensibility rises, it can be sharp and the peak in primary 
resonance frequency can be made high. 

[0032] In addition, an excitation electrode and a received electrode are replaced, a received electrode can obtain 

108 and the effectiveness same naturally also as an excitation electrode is acquired in 109. 

[0033] 

[Effect of the Invention] This invention to the 1st as mentioned above between the overall length I of an oscillating 
object, die-length [ of said piezoelectric device for excitation ] a, and die-length b of said piezoelectric device for 
reception 0.2 <= a/I < — 0.5 or 0.2 <= b/l < — By making it the configuration which has the relation of 0.5 the peak 
of resonance of the higher mode is fallen or disappeared — making — an oscillating object — low — the 
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outstanding force sensor with which the resonance frequency in degree the mode shows a peak clearly, and the 
drive of it by the stable resonance mode is attained is realizable. 

[0034] Moreover, the outstanding force sensor which it can be stabilized [ force sensor ] and can resonate an 
oscillating object can be realized by the configuration which the primary resonance frequency of an oscillating object 
made 10 or more times of the primary resonance frequency of an inertial field and a supporting beam the 2nd, 
without being influenced of the resonance frequency of the whole beam. 

[0035] Furthermore, by the configuration which prepared the electrode of a pair divided towards intersecting the 
longitudinal direction of an oscillating object on the front face of a piezoelectric device, since only the primary 
resonance frequency of an oscillating object can be produced, the stable drive in primary resonance in the same 
mode is always possible, and the outstanding force sensor with little malfunction can be realized [ 3rd ]. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. !n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the sensor which detects the amounts of dynamics, such as 
acceleration impressed to a body, a load, and a pressure. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In recent years, development of the air bag system which keeps the insurance in an 
automobile accident, the navigation system which performs road guidance is prosperous, and the acceleration sensor 
and a sensor like an oscillating gyroscope are developed in connection with it 

[0003] Conventionally, as a force sensing element, the structure of drawing 9 or drawing 10 is known as shown, for 
example in JP.53-1330.B. In drawing 9 , make a fixed opening intervene and the piezo-electric diaphragms 2 and 3 of 
two sheets with which the electrode 1 is attached, respectively are arranged. It is the thing which comes to join this 
other end together with the spacing plate 5 in rigidity while fixing one edge each of these piezo-electricity 
diaphragms 2 and 3 to a substrate 4. When Force F is applied to the free end of the piezo-electric diaphragms 2 and 
3, the change of each resonant frequency of these piezo-electricity diaphragms 2 and 3 based on the variation rate 
which the piezo-electric diaphragms 2 and 3 receive at this time is measured, and said force F is measured based on 
this result Moreover, when it comes to fix the piezo-electric diaphragms 10 and 1 1 of two sheets with which a step 
7 and a slot 8 are formed in the vertical side of a cantilever 6, a bridge is constructed in a slot 8. and the electrode 
9 is attached and Force F is impressed to the free end of a cantilever 6, drawing 10 detects the difference of 
change of each resonant frequency of the piezo-electric diaphragms 10 and 11, and measures Force F. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] This invention to the 1st as mentioned above between the overall length I of an oscillating 
object die-length [ of said piezoelectric device for excitation ] a, and die-length b of said piezoelectric device for 
reception 0.2 <= a/I < — 0.5 or 0.2 <= b/l < — By making it the configuration which has the relation of 0.5 the peak 
of resonance of the higher mode is fallen or disappeared — making — an oscillating object — low — the 
outstanding force sensor with which the resonance frequency in degree the mode shows a peak clearly, and the 
drive of it by the stable resonance mode is attained is realizable. 

[0034] Moreover, the outstanding force sensor which it can be stabilized [ force sensor ] and can resonate an 
oscillating object can be realized by the configuration which the primary resonance frequency of an oscillating object 
made 10 or more times of the primary resonance frequency of an inertial field and a supporting beam the 2nd, 
without being influenced of the resonance frequency of the whole beam. 

[0035] Furthermore, by the configuration which prepared the electrode of a pair divided towards intersecting the 
longitudinal direction of an oscillating object on the front face of a piezoelectric device, since only the primary 
resonance frequency of an oscillating object can be produced, the stable drive in primary resonance in the same 
mode is always possible, and the outstanding force sensor with little malfunction can be realized [ 3rd ]. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, the proper oscillation in the various modes arises in the piezo- 
electric diaphragms 2, 3, 10, and 11 of the above-mentioned conventional configuration. That is, it was difficult for 
the normal mode of vibration of the oscillation mode of a lengthwise direction and a longitudinal direction and its high 
order resonance, and the whole beam, twisting vibration, etc. to exist and to take out only the normal mode of 
vibration to use them, carrying out distinction separation clearly [ else ], to be stabilized, and to maintain the 
resonance state. 

[0005] It aims at offering the amount sensor of dynamics to which this invention solves the technical problem of the 
above-mentioned conventional technique, and the normal mode of vibration of the oscillating object from which a 
resonant frequency changes can dissociate completely with other unnecessary resonance modes, and can always 
maintain the fixed resonance state at stability by impression of the force. 
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MEANS 



[Means for Solving the Problem] This invention according to an operation of the amount of dynamics to the 1st in 
order to attain this purpose A movable inertia! field. The supporting beam which supports an inertial field, and the 
oscillating object which was established on said supporting beam and fixed to said supporting beam in both ends, The 
piezoelectric device for excitation which is joined near the end section of said oscillating object, and excites said 
oscillating object, The piezoelectric device for reception which is joined near the other end of said oscillating object, 
and receives vibration of said oscillating object is provided. The overall length I of said oscillating object between 
die-length [ of said piezoelectric device for excitation ] a, and die-length b of said piezoelectric device for reception 
— 0.2 <= a/I < — 0.5 or 0.2 <= b/l < — It is characterized by there being relation of 0.5. Moreover, the oscillating 
object which was established on the supporting beam which supports a movable inertial field and an inertial field 
according to an operation of the amount of dynamics, and said supporting beam, and was fixed to the 2nd by said 
supporting beam in both ends is provided, and primary resonance frequency of said oscillating object is characterized 
by being 10 or more times of the primary resonance frequency of said inertial field and said supporting beam. The 
supporting beam which furthermore supports a movable inertial field and an inertial field according to an operation of 
the amount of dynamics to the 3rd, The oscillating object which was established on said supporting beam and fixed 
to said supporting beam in both ends, The piezoelectric device joined on said oscillating object and the electrode of 
a pair divided in the direction which crosses with the longitudinal direction of said oscillating object on the front face 
of said piezoelectric device are provided. The electrode for excitation with which one side of the electrode of said 
pair excites an oscillating object and another side are characterized by being the electrode for reception which 
receives vibration of an oscillating object. 
[0007] 
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OPERATION 



[Function] this invention falls or disappears [ 1st ] the peak of resonance of the higher mode by the above- 
mentioned configuration — making — an oscillating object — low — the resonance frequency in degree the mode 
shows a peak clearly, and the drive of it by the stable resonance mode is attained. Moreover, without the primary 
resonance frequency of an oscillating object considering as 10 or more times of the primary resonance frequency of 
an inertial field and a supporting beam, and receiving the effect of the resonance frequency of the whole beam in the 
2nd, it can be stabilized and an oscillating object can be resonated. Since the 3rd can be made to produce only the 
primary resonance frequency of an oscillating object furthermore, the stable drive in primary resonance in the same 
mode is always possible, and a sensor with little malfunction can be realized. 
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(Example 1) The 1st example of this invention is explained hereafter, referring to a drawing. 

[0009] Drawing 1 (a) and drawing 1 (b) are the sectional views and top views of the amount sensor of dynamics in 
one example of this invention. In drawing 1 (a), as for an inertial field and 101, 100 is [ a supporting beam and 102 ] 
oscillating objects, and said oscillating object 102 consists of the excitation section 103, the propagation section 
104, and a receive section 105. 

[0010] If acceleration is impressed, an inertial field 100 expands in drawing 1 and contracts the oscillating object 102, 
while taking up and down and a supporting beam 101 bend. Therefore, when the force acts, the resonance frequency 
of an oscillating object will change and acceleration can be measured by detecting this frequency change. For 
example, supposing vibration of an oscillating object can assume that it is vibration of yarn, resonance frequency f is 
expressed with (several 1). 



[0012] However, in I, the tension of yam and mo show the mass per unit length of yam, and. as for the die length of 
yam, and S, n shows the degree of vibration. When according to (several 1) resonance frequency f changes in 
proportion to the square root of the tension of yam and the force acts, if it is the structure where the tension of an 
oscillating object changes, it turns out that the amounts of dynamics, such as acceleration, a pressure, and force, 
can be measured. 

[0013] Drawing 2 is an example of a property in the configuration of drawing 1 . An axis of ordinate is the resonance 
frequency f of an oscillating object, and an axis of abscissa shows the impressed acceleration. According to this, 
although the resonance frequency at the time of acceleration 0 is 22kHz, when the acceleration of 120G is 
impressed, it goes up to 27kHz. 1 — if there is change of about 40Hz per G and it says with rate of change — 
0.2%/G — and it could measure to very big acceleration so that rt might see in drawing, and the large acceleration 
sensor of a dynamic range has been realized. In addition, with the structure of drawing 1 , although sensibility 
changes with ratios of the mass of an inertial field, and the mass of the supporting beam section, in the case of the 
data of drawing 2 , an inertial field is the thing of the structure of being 7 times much as the supporting beam 
section, and the deflection of a comparatively minute supporting beam serves as big tension to an oscillating object, 
acts, and is considered that it was able to output big sensibility. 

[0014] One of the structural descriptions of this example is the structure of an oscillating object and it is a point 
constituted by the excitation section, the propagation section, and the receive section. Generally, when resonating a 
piezo-electric ceramic, in the case of the thickness vibration of the piezo-electric ceramic itself etc., there is a 
method of detecting impedance change of the piezo-electric ceramic itself, and getting to know the resonance point 
However, like this invention, when an oscillating object is a zygote of a piezo-electric ceramic and other structural 
members, it does not restrict that there is a not necessarily big impedance change in the resonance frequency of a 
zygote, and the resonance point cannot be detected with sufficient sensibility in many cases. Since vibration of the 
oscillating object which is said zygote is detected by this invention in the direct receive section as compared with it 
it becomes possible to detect correctly all vibration that an oscillating object has, and a dimensional degree of 
freedom will become very big in the design of suitable oscillating object structure. 

[001 5] Drawing 3 is for explaining the vibrational state of the oscillating object 1 02 of drawing 1 . Drawing 3 (a) and 
(b) are the top views and sectional views which carried out expansion illustration of the part of the oscillating object 
102. The piezoelectric device is prepared in both ends, the excitation section 103 is constituted by the left end and, 
as for the oscillating object 102, the receive section 105 is constituted by the right end. Generally, such an 
oscillating object resonates by the various oscillation modes as shown in drawing 3 (c) - (h), and it is respectively 
called primary - the 6th resonance mode. With the Young's modulus of the quality of the material which constitutes 
the thickness of an oscillating object, die length, and an oscillating object etc., the oscillation frequency which such 
resonance modes produce is determined uniquely, and it does not depend for it on the width of face h of an 
oscillating object 

[0016] By the stretching vibration of the piezoelectric device of the excitation section 103, when a lifting and the 
frequency of excitation are in agreement with the frequency of resonance mode to produce in vibration, vibration by 



EXAMPLE 



[Example] 



[0011] 
[Equation 1] 
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resonance mode will produce the oscillating object with which the above ease of occurring of resonance mode has 
the close relation to die-length a of the excitation section 103. Here, in order to consider die-length a of the 
excitation section, and the relation of the oscillation mode which is easy to produce, the knot in the 4th resonance 
mode of drawing 3 (f) and the die length of an internode are set to x as an example. Since the excitation section 
deforms by telescopic motion of a piezoelectric device, the natural deformation condition of the excitation section is 
considered to be the arc shape which uses the both ends of the excitation section 103 as a knot. Therefore, if it is 
thought that it is easy to produce resonance mode which will be in a and the condition that x is almost equal, for 
example, x becomes one half extent of a, it will become very difficult for both the extended part and the shrunken 
part to produce the piezoelectric device of the excitation section, and to produce such the oscillation mode by 
forced oscillation. 

[0017] Although sufficient output signal is acquired in order that similarly it can say the same thing also about die- 
length b of a receive section 105, and die-length y in drawing 3 (f), and the piezoelectric device of a receive section 
104 may receive distortion of the same direction on the whole surface, when it is b**y If y becomes small as 
compared with b, the part which a reverse distortion produces in the piezoelectric device of a receive section 104 
will come be made, in a certain part, by the part of others [ positive charge ], it will be in the condition that negative 
charge arises, and an output signal will decline again. 

[0018] Drawing 4 is an experimental result which shows the frequency characteristics of the output signal outputted 
from the receive section 105 when changing the dimension of the excitation section 103 and a receive section 105. 
The axis of abscissa shows the frequency of the input signal of the sinusoidal form impressed to the piezoelectric 
device of the excitation section 103, and the axis of ordinate shows the output voltage from the piezoelectric device 
of the receive section at that time. For example, if several V signal level is impressed to the excitation section 103, 
the output voltage of several mV to hundreds of mV will be obtained from a receive section, but since the value 
becomes large rapidly with resonance frequency, if a frequency is taken along an axis of abscissa like drawing 4 , the 
curve which has a peak with resonance frequency will be obtained. Here, the oscillating object 102 pasted up the 
piezoelectric device (Sumitomo Metal nature H5D) on 4-2 alloy, was produced, and set thickness of 4-2 alloy and a 
piezoelectric device to 80 micrometers. In drawing 3 , it was referred to as h= 2mm and 1= 10mm, and the dimensions 
a and b of the excitation section 103 and a receive section 105 changed a and b as an equal value. 
[0019] Drawing 4 and (a) have a and comparatively large b, although the frequency characteristics at the time of 
being a/l=0.45 are shown, the peak in the primary resonance mode [ secondary / 3rd ] is seen, and the peak of the 
4th resonance [ 5th ] beyond it is not seen. Such high order resonance modes appear as a and b become small, for 
example, they are produced to the 6th resonance mode in a/l=0.2 like drawing 4 (b). Furthermore, although drawing 4 
(c) was the case where a/l=0.15, a, and b were made still smaller, when a and b were too small not much, it turned 
out that the primary resonance mode [ secondary / 3rd ] of a low degree disappears, and only high order resonance 
mode appears. 

[0020] Generally, it is said that the resonance mode of a low degree is more stable than high order resonance mode. 
In the case of an oscillating object of a configuration like drawing 3 , this has the crosswise (h) resonance and the 
resonance mode of twisting vibration other than the oscillation mode shown by drawing 3 (c) - (h). These When it is 
easy to appear near [ frequency ] high order resonance mode and says with frequency characteristics, the peak in 
other modes arises near the peak of high order resonance mode, and it is a reason on a circuit that the approach of 
making it always drive on the frequency of the peak point of high order resonance mode becomes difficult 
Therefore, it is good to use the resonance mode of a low degree also in the configuration of this invention, and it is 
safe to choose any of the primary resonance modes [ secondary / 3rd ] they are. Among these, since this 3rd 
resonance mode is equivalent to the primary resonance mode of the propagation section 104 when only the 
propagation section 104 of the oscillating object 102 is observed, the 3rd resonance mode can be considered to be 
one of the stable basic modes. In using which [ primary / secondary / 3rd ] resonance mode, it turns out from the 
result of drawing 4 that the structure of filling 0.2 <=a/l<0.5 or 0.2 <=b/l<0.5 is good. 

[0021] Next, in order to compare with this example, the force sensor of other structures is explained. Drawing 5 (a) 
shows other structures of an oscillating object. The piezoelectric device is joined all over the oscillating object, and 
the electrode on a piezoelectric device 51 is divided into the excitation electrode 52 and the received electrode 53, 
and the excitation electrode 52 is used for excitation and, as for the difference with drawing 3 , it uses the received 
electrode 53 for reception. That is, the propagation section 54 of an oscillating object consists of a piezoelectric 
device 51 and a monotonous zygote, and it is structure without the difference of the excitation section 55, a receive 
section 56, and thickness. In this structure, when the frequency characteristics of an output signal were measured, it 
turned out that it becomes like drawing 5 (b), and peak value is low as compared with drawing 3 , many small peaks 
appear, and it is hard to produce the resonance mode which can be regarded as a clear basic mode. This example 
this is indicated to be by drawing 3 is assumed to become easy to produce the knot of vibration near the boundary 
of the excitation section 103, the propagation section 104 or a receive section 105, and the propagation section 104, 
for example, for peaks, such as the 3rd resonance, to appear greatly when the thickness of the excitation section 
103 and a receive section 105, and the propagation section 104 differs. 

[0022] In addition, an excitation electrode and a received electrode are replaced, a receive section can get 103 and 

the effectiveness same naturally also as the excitation section is acquired in 1 05. 

[0023] (Example 2) The 2nd example of this invention is explained hereafter, referring to a drawing. 

[0024] Drawing 1 (a) and drawing 1 (b) are the sectional views and top views of the amount sensor of dynamics in 

one example of this invention. Since it is the same as that of an example 1 . explanation of drawing 1 is omitted. 

[0025] In drawing 1 , although the oscillating object 102 is installed in the supporting beam 101 which bends with 
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migration of an inertia! field 100, resonance mode exists also about the whole beam which consists of an inertial field 
100 and a supporting beam 101. Although you may think that this resonance mode is the same as that of outline 
cantilever vibration, an inertial field often moves by the small force, and although, as for the sensibility as a sensor, 
the one where the deflection of a supporting beam 101 is larger becomes high, the resonance frequency of the whole 
beam falls so much. The resonance frequency of this whole beam is connected with the frequency range of the force 
impressed to measure. That is, in the case of the acceleration sensor for automobiles, it is necessary to measure 
correctly the acceleration of the range of 0-500Hz but, and for example, if the resonance frequency of the whole 
beam exists in this range, it will become difficult to measure the acceleration near [ this 3 the resonance frequency 
correctly. Therefore, although detection sensitivity becomes high so that it is low, more than a frequency range, for 
example, designed, to measure is desirable [ the resonance frequency of the whole beam ] 500Hz or more so that it 
may be ideally set to 1kHz. 

[0026] Moreover, mutually-independent [ of the resonance frequency of the whole beam and the resonance 
frequency of the oscillating object 102 ] is carried out, and they must not influence mutually. In order to explain this, 
the experimental result of drawing 6 is shown. The axis of ordinate shows the output signal electrical potential 
difference from a receive section 105 for the frequency of the signal with which an axis of abscissa is impressed to 
the piezoelectric device of the excitation section 103 of the oscillating object 102. The data of drawing 6 are a thing 
at the time of 1= 5mm, a=b= 1.5mm, and h= 1mm in drawing 1 in t1=0.4mm, t2=0.8mm, L1=L2=H=5mm, and drawing 3 . 
In the curve of drawing 6 , fcO, fd , and fc2 are the peaks of the resonance frequency of the whole beam, and they 
are respectively equivalent to the primary resonance frequency [ secondary / 3rd ]. Moreover, fsO, fsl, and fs2 are 
the resonance frequency of the oscillating object 102, and they are equivalent to the primary resonance mode 
[ secondary / 3rd ] shown in (c) of drawing 3 , (d), and (e). In drawing 6 , fcO, fcl, and fc2 are in fsO and the distant 
enough location. That is, the resonance frequency of the whole beam is in the location left with the resonance 
frequency of the oscillating object 102, and since it does not influence each other, it can be said that it is the 
structure where a very good result is obtained. However, fcO When fsO is a comparatively near frequency, the case 
where high order resonance frequency (for example, fc4 grade) laps with fsO arises on the whole beam, and it 
becomes impossible to detect the resonance frequency of the oscillating object 102 correctly. Considering that high 
order resonance mode is contained in resonance of the whole beam, the resonance frequency of the oscillating 
object 102 to be used and the primary resonance frequency of the whole beam can realize a sensor that it is safe 
that it is separated from single or more figures, and good. 

[0027] In addition, an excitation electrode and a received electrode are replaced, a receive section can get 103 and 
the effectiveness same naturally also as the excitation section is acquired in 1 05. 
[0028] (Example 3) The 3rd example of this invention is explained hereafter, referring to a drawing. 
[0029] Drawing 7 and drawing 8 show the structure of the oscillating object of the 3rd example. Although the 
structure of the oscillating object shown in drawing 3 was structure which high order resonance of the 3rd 
resonance etc. tends [ comparatively ] to produce, if it may be able to do, structure which only simple primary 
resonance frequency produces is desired. Drawing 7 and drawing 8 show the oscillating object structure of filling 
such a demand. In drawing 7 , an inertial field 100 and a supporting beam 101 are constituted like drawing 1 , the 
plate 106 on a strip of paper is installed in the top face of a supporting beam 101 in the state of both-ends 
immobilization, and the piezoelectric device 107 is joined by the upper part When a plate 106 is an insulator, an 
electrode is prepared between a piezoelectric device 107 and a plate 106, and when a plate 106 is a conductor, fixed 
potential can be impressed to the inferior surface of tongue of a piezoelectric device by using a plate 106 as an 
electrode. On the other hand, the excitation electrode 108 and the received electrode 109 with which the top face 
of a piezoelectric device was divided into right and left to the line which connects the both ends of a plate 106 are 
prepared. 

[0030] Drawing 8 carries out expansion illustration of the part for the oscillating soma of drawing 7 . When the 
excitation electrode 108 is continuing and excitation voltage is impressed to an excitation electrode from the fixed 
end of an oscillating object to the fixed end with such structure, it is the easiest to produce the primary resonance 
mode shown in drawing 8 (C) by expansion and contraction of the whole oscillating object, and stops producing the 
resonance mode of the gestalt shrunken by elongation and a certain part by forced oscillation in a part with an 
oscillating object like the secondary resonance [ 3rd ]. That is, about the sensor of drawing 7 , if the same data as 
drawing 6 are taken, only resonance frequency fsO will show a peak clearly, and the peak of fsl and fs2 will be 
extinguished. 

[0031] Drawing 8 (c) shows the primary resonance mode of a both-ends fixed beam. According to this, since both 
ends are being fixed, it turns out that the direction where a center section bends, and the direction where the part 
near an edge bends are hard flow. Therefore, since the charge generated in the center section and the charge 
generated at the end are opposite signs when vibration of primary resonance mode is used, and the received 
electrode 109 has the same area in every part of a beam, they offset each other, there are and the fault that output 
voltage declines as a result arises. So, by this invention, as shown in drawing 8 (a), it is large in the center section, 
and it narrows at the end, the received electrode 109 is large at the edge, and the excitation electrode 108 consists 
of the reverse narrowly in the center section. Thus, by constituting, the opposite sign component of the charge 
generated in a received electrode decreases, receiving sensibility rises, it can be sharp and the peak in primary 
resonance frequency can be made high. 

[0032] In addition, an excitation electrode and a received electrode are replaced, a received electrode can obtain 
108 and the effectiveness same naturally also as an excitation electrode is acquired in 109. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view and top view of a force sensor in the 1st example of this invention 
[Drawing 2] The acceleration-frequency-characteristics Fig. showing the example of measurement of the 
acceleration in the 1 st example of this invention 

[Drawing 3] The schematic diagram showing the enlarged drawing of the oscillating soma in the 1st example of this 
invention, and the various oscillation modes 

[Drawing 4] The graph which shows the frequency characteristics in the 1st example of this invention 

[Drawing 5] The block diagram of the force sensor of other configurations for the comparison to the 1st example of 

this invention 

[Drawing 6] The frequency-characteristics Fig. in the 2nd example of this invention 

[Drawing 7] The sectional view and top view of a force sensor in the 3rd example of this invention 

[Drawing 8] The oscillating soma enlarged drawing in the 3rd example of this invention, and the schematic diagram of 

the oscillation mode 

[Drawing 9] The perspective view of the conventional force sensor 
[Drawing 10] The perspective view of the conventional force sensor 
[Description of Notations] 

100 Inertial Field 

101 Supporting Beam 

102 Oscillating Object 

103 Excitation Section 

104 Propagation Section 

105 Receive Section 

107 Piezoelectric Device 

108 109 Electrode 
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DRAWINGS 

[Drawing 1] 
(a) 



(b) 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 3] 
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